Involvement of the mononuclear phagocyte system in the mechanism of resistance to Corynebacterium kutscheri was studied in C57B1/6 and Swiss Lynch mice. A major difference between the two mouse strains was that the phagocytic cells of the livers of C57B1/6 mice destroyed the bacteria with much greater efficiency. There was no evidence of serum factors which might have led to this greater bacterial killing observed in the C57B1/6 mice, and in vivo phagocytosis of C. kutscheri was identical in both mouse strains. Resistance to C. kutscheri could be transferred with spleen and/or bone marrow cells from resistant (Swiss Lynch x C57BV/6) F1 mice to 650-rad irradiated susceptible Swiss Lynch mice. Nonspecific and acquired mechanisms of resistance to C. kutscheri are discussed.
The mononuclear phagocyte system (MPS) is largely responsible for the removal of bacteria and other particulate material from the blood stream. This function may be influenced by the opsonic role of antibody (24, 25) and occurs mainly in the liver and the spleen (18) .
In the comparison of genetically resistant and susceptible mice, the MPS appeared to be responsible for resistance to experimental typhoid (21) . More recent evidence implies that natural resistance to bacteria (13, 20) , viruses (1, 11, 12, 26) , and Leishmania donovanii (5) is expressed through macrophages.
Some workers considered that differences in the resistance of several inbred mouse strains to a single intravenous dose of Corynebacterium kutscheri is acquired. They suggested that resistant C57B1/6 mice acquire immunity when they become latently infected with an "avirulent variant" of C. kutscheri (7, 8, 9, 22 (15, 16 mice. Moreover, it was found that a degree of resistance to C. kutscheri could be transferred with spleen and bone marrow cells from resistant mice to susceptible mice.
MATERIALS AND METHODS
Mouse strains. The Swiss Lynch and C57B1/6 inbred strains were obtained from the Rockefeller University in 1966 as descendants of the two strains previously described (19, 21) . These mice are no longer latently infected (Hirst and Olds, submitted for publication). Briefly, C57B1/6 mice were hysterectomy derived, fostered onto clean mouse stocks, and then raised in isolation. A search for latency in all mice was made by the methods of Fauve and Pierce-Chase (9, 22) . Maintenance of these strains and preparation of the (C57BV/6 x Swiss Lynch) F1 mice are described elsewhere (16) . All references here to F1 mice imply this particular outcross.
C. kutscheri. The streptomycin-resistant strain CM23Sr was used in all experiments. This organism and viable counting methods have been fully described previously (16) .
Blood clearance. Blood clearance of C. kutscheri was measured and phagocytic indexes were calculated by the methods of Biozzi and Halpern (3, 14 disease in mice were essentially similar to those described previously (9, 10, 22) . Briefly, the disease is characterized by multiple macroand/or micro-abscesses in all major organs, with the exception of the spleen.
In the livers of lethally infected mice, the significant observation was the development of areas of mononuclear cell infiltration 24 h postinfection. These lesions normally regressed by day 3, but very occasionally developed to macroscopic proportions. In these cases the cellular infiltration included polymorphs.
Multiple macro-and micro-abscesses were consistently observed in the kidneys. The earlier mononuclear infiltration gradually changed over 3 to 7 days to include polymorphs that surrounded a central zone of necrosis. Whereas the development of lesions was similar in the two mouse strains, the lesions were far less severe in C57BI/6 mice. Moreover, the distribution of lesions in the kidneys, while predominantly cortical in C57BI/6 mice, was confined to the medullary region in Swiss Lynch mice. The significance of this observation remains obscure.
Liver clearance of C. kutscheri in C57BI/6 and Swiss Lynch mice. Groups of Swiss Lynch and C57BI/6 mice were infected intravenously with 105 C. kutscheri. Viable bacteria were enumerated in the livers of mice from both groups 10 min after challenge and at 24-h intervals for 5 days (Fig. 1) . Greater than 99%o of the challenge dose was recovered from the livers in both mouse strains 10 min after challenge. In resistant C57BI/6 mice, the organism was below detectable levels by 24 h and remained undetectable for the 5 days. In susceptible mice, there was an initial decline in 24 h to less than 2 log1O, followed by an exponential rate of growth to 3 days when levels had reached those ofthe initial challenge. After this time the level began to decline; this was probably associated with the onset of immunity. In consequence, organ counts at day 3 were chosen in subsequent experiments to represent nonspecific events that precede the immunological response of the animal, reflected in organ counts made after this time.
Blood clearance of C. kutscheri in C57BI/6
and Swiss Lynch mice. The phagocytic activity of the MPS of Swiss Lynch and C57BI/6 mice was measured by the rate of clearance of C. kutscheri from the blood.
The logarithm of the concentration of organisms in the blood was plotted against time, and parallel lines were obtained. From these graphs, phagocytic and corrected phagocytic indexes were calculated, using the formulas previously described (3, 14) ( Table 1) .
The difference in phagocytic activity between Swiss Lynch and C57B1/6 mice was not statistically significant (P < 0.25), suggesting that the difference in the bactericidal capacity of liver macrophages is independent of their ingestive activity.
Examination for enhanced killing of C. kutscheri by normal C57BI/6 serum in Swiss Lynch mice. The capacity of normal C57B1/6 serum to promote intracellular killing of C. kutscheri in Swiss Lynch mice was next tested.
Swiss Lynch mice were injected intravenously with 0.25 ml of fresh nornal C57B1/6 serum. Untreated C57B1/6 and Swiss Lynch mice served as normal controls. Twenty-four hours after treatment with serum, the mice were challenged with 106 C. kutscheri. Another group of Swiss Lynch mice was challenged with 106 C. kutscheri that had previously been preopsonized with a 1:4 dilution of fresh normal C57BI/6 mouse serum. After 3 days, all the animals from each group were sacrificed, the livers and kidneys were removed, and the viable bacteria were enumerated (Table 2) .
There was a difference of over 3 logs in the liver counts and nearly 2 logs in the kidney counts bptween the C57B1/6 mice and all three groups of Swiss Lynch mice (P < 0.001 for both liver and kidney).
There was no evidence ofenhanced microbicidal activity of the MPS in Swiss Lynch mice pretreated with C57BI/6 serum or challenged with bacteria preopsonized with it.
Transfer of resistance to C. kutscheri into lethally irradiated susceptible Swiss Lynch mice with F1 spleen and bone marrow cells: experiment 1. Irradiated and control Swiss Lynch and F, mice were reconstituted with one dose of appropriate spleen cells. Fourteen days later they were challenged intravenously with 10&5 or 1042 C. kutscheri. Fourteen days after challenge, the mice were sacrificed, their kidneys were removed, and the viable C. kutscheri were enumerated. Table 3 presents the results obtained. After challenge with 1042 C. kutscheri, nearly 10-fold-fewer C. kutscheri were recovered from the chimeras than from the control Swiss Lynch. The difference was significant (P < 0.02). There was no significant difference between the chimeric mice and the F1 controls (P > 0.05). More striking, however, was that after challenge with 1035 C. kutscheri, 10,000-fold-fewer organisms were recovered from the chimeras than from control Swiss Lynch mice (P < 0.001).
Experiment 2. In the previous experiment and others, it was observed that in approximately one-third of chimeras, the semiallografts did not appear to "take." In an effort to overcome this problem, irradiated mice were The results presented in Table 4 confirm the impressions obtained from the previous experiment. The difference in the kidney counts between the chimeric mice and the F, controls was not significant (P > 0.07). The differences in the kidney counts between the chimeras and the susceptible parents and susceptible parents sensitized to F, cells were statistically significant (P = 0.02 and 0.001, respectively).
DISCUSSION
We have shown a major difference in microbicidal function of the MPS between Swiss Lynch and C57BI/6 mice. Based on histological evidence and growth studies, it would seem that the mononuclear phagocytes of the liver are responsible for these differences. The early liver pathology was limited to localized mononuclear infiltrations, which developed in some cases after 48 h into lesions containing both mononuclear and polymorphonuclear inflammatory cell types. Gross changes were confined almost exclusively to the kidneys.
Although the major microbicidal event appeared to occur within 24 h in both mouse strains, after this time the ability of the mononuclear phagocytes to contain growth of C. kutscheri in susceptible mice was minimized and the organism proliferated. Presumably, after 72 h, organism-specified events were sufficiently effective to change the course of the liver infection. These observations are consistent with earlier reports (9, 22) , although it was claimed that the differences were a manifestation of "infection immunity" due to latent infection of resistant mice with C. kutscheri. From these and other data, it appears that there may be clear-cut restrictions in the microbicidal efficiency of the MPS. Among inbred mouse strains, mice that are resistant to grampositive Listeria, C. kutscheri, and Cryptococcus are susceptible to gram-negative Salmonella and vice versa (17, 24) . Since the composition of the bacterial envelope is known to be important in the susceptibility of organisms to leukocyte enzymes (6) , it is conceivable that certain inbred mouse strains may suffer a genetic lesion affecting macrophage metabolism or production of lysosomal enzymes. Such enzymes may act specifically on one of the varia-ble components of the bacterial envelope and may be critical for its degradation.
It was possible to transfer to susceptible parents a degree of resistance to C. kutscheri with spleen and bone marrow cells from resistant F1 mice. The similar responses of the susceptible parents and those sensitized to F1 spleen cells implies that the greater bactericidal response in the chimeras was unlikely to be the result of nonspecific stimulation of the MPS by either host or donor cell response to histocompatibility antigens or histocompatibility antigen recognition sites.
Although resistance to C. kutscheri in C57Bl/ 6 and Swiss Lynch mice, measured by their survival after lethal challenge, is under polygenic control, there is a single component, ack, which determines the trait, mononuclear phagocyte microbicidal efficiency (MPME), for efficient killing of the organism by liver macrophages in resistant mice (15, 16) . Moreover, although F, mice are of intermediate resist- ance, they possess the trait MPME (16) . Therefore, we believe that there is both a specific and a nonspecific component of resistance to C. kutscheri in these mouse strains and that both may be under genetic control.
The trait MPME, an early manifestation of resistance to C. kutscheri, is clearly demonstrated by our liver clearance data and is probably a nonspecific event. In our spleen and bone marrow cell transfer experiments, resistance was determined by reduced kidney counts 6 or 14 days after challenge. In this time, immunity would be expected to develop, and the greater difference observed after 14 days in the first of our two experiments may reflect a more pronounced immunological response, possibly antibody production. Conceivably, therefore, the second specific component that determines the fate of the infected animal has a complex genetic background. This ability to transfer resistance with spleen and bone marrow cells is reminiscent of the work of Biozzi et al. (2, 4) . They transferred the polygenically determined character for antibody production in response to heterologous erythrocytes with immunocompetent spleen cells from the genetically high-antibody-producing (Ab/H) lines of mice into heavily irradiated minimal-antibody-producing (Ab/L) recipients. The genes that segregated in these lines were subsequently shown to have a regulatory function on antibody production to a variety of unrelated antigens (17) . Since analysis of the immunocompetent cell types involved, could more clearly define the genetically controlled events in resistance to infectious diseases.
